A self-complementary hexanucleotlde consisting of thymidine and 2-aminodeoxyadenosine, d(TA')», has been synthesized by a solid phase phosphotriester method. Melting studies show that the additional hydrogen bond afforded by the 2-amlno group substantially stabilizes the duplex. Moreover, conformational analysis using circular dichroism shows that a salt-induced conformational transition occurs, similar to the B->-Z transition observed for d(CG) n oligonucleotides.
INTRODUCTION
Since the discovery of the left-handed DNA conformation of d(CG) 3 , designated Z-DNA, 1 ' 2 the structural features necessary for DNA to adopt the Z form have been the subject of both experiment and speculation. Moreover, Z-DNA has been shown to be present in Drosophlla polytene chromosomes, a biological role must therefore be presumed. Yet, to date, only sequences that consist largely 8 ' 9 or exclusively of dC/dG, 10 or halogenated 12 or methylated 7 -13 analogs, have been shown to adopt the Z form. Other alternating purine/ pyrimidine polymers without guanine -poly d(AT) and poly d(IC) -do not show the Z-DNA conformation. 10 The delicate B/Z balance is illustrated by the fact that, in solution, d(CG) 3 will adopt the Z form, 5111 * while the sequence isomer d(GC)> will not. 1 "*' 15 Furthermore, d(CG) n oligonucleotides incorporated into a plaamid can be induced into the Z form, 15 but d(AT) s (CG), or d(CGCGAATTCGCG) 17 cannot.
The two key elements that have emerged as likely requirements for Z-DNA formation, from the molecules studied so far, are a strictly alternating purine/pyrimidine sequence, and the purine 2-amino group.
In order to better understand the effects of the 2-amino group on the stability and conformation of DNA we have recently begun the synthesis and evaluation of oligonucleotides containing 2-aminodeaxyadenosine (dA 1 ). At this time we wish to report the synthesis and physical properties of the hexanucleotide d(TA') 3 .
RESULTS AND DISCUSSION

Synthesis
The synthesis of the hexanucleotide d(TA') 3 was carried out by a solid phase phosphotrlester method, as illustrated in Figures 1 and 2 , using the 12 crosslinked polystyrene resin described by Itakura. 18 Our approach was to use the dinucleoside phosphate Jti, prepared by condensation of 5'-0-(dimethoxytrityl)-thymidine-3'-O-chlorophenylphosphate I and the protected 2-aminodeoxyadenosine derivative 2a_, both for attachment to the polymer and for subsequent elongation. Removal of the 3'-levulinyl group from ^a using the standard conditions 19 gave the 3'-hydroxyl compound 3_b_ which could be succinylated to give 3_c_ or alternatively could be phosphorylated to give ^e^. Attachment of 3c to amino functionalized polymer in the presence of N_,N/-dicyclohexylcarbodiimide and N-methylimidazole gave 3ji (O.lfomol 3c/s) . Unreacted amino groups were capped by treatment with acetic anhydride. Elongation to the tetramer was effected after zinc bromide catalyzed detritylation by condensation with 3e_ using l-(triisopropylbenzenesulfonyl)-3-nitrotriazole (Fig. 2) . This The two f^-acyl groups in the purine moiety of ^b_ make the glycosidic linkage exceptionally sensitive to acid. Treatment with protic acids such as 2% BSA at 0° results in extensive depurination within minutes. Even with use of zinc bromide depurination becomes evident within one to two hours. Thus, for detritylation of k_ we used only three ten minute treatments with zinc bromide, on the assumption that incomplete detritylation was preferable to depurination. The addition of dlmers rather than monomers served both to minimize the number of detritylation cycles and to insure that the homologs produced by incomplete detritylation would be readily separable.
Removal of the 2-chlorophenyl triester protecting groups, without cleaving the hexamer from the support, was effected by treatment with 4-nitrobenzaldoxime and tetramethylguanidine in anhydrous THF.
In this way we were able to remove excess oximate reagent and chlorophenol simply by filtration. A mixture of aqueous ammonia and dioxane was then used to cleave the oligonucleotide from the resin. For tJ deprotection the filrate was concentrated and treated with aqueous ammonia at 65° for seven days. Ammonolyais of the N-2 isobutyryl group of 2-amlnodeoxyadenosine and related derivatives is very slow. 21 Hplc analysis showed that the crude product consisted of a mixture of 1_ and the corresponding tetramer. The latter was identified by comparison with a sample of k_ which had been similarly deprotected. Incomplete detritylation is the most likely explanation for the presence of this tritylated failure sequence. Purification was readily effected on a semi-preparative y Bondapak C l8 column (Waters). Finally, detritylation of T_ with 80Z acetic acid gave 8^ which was purified by hplc ( Figure 3A ). Degradation with venom phosphodiesterase gave the expected ratio of thymidine-5'-phosphate:2-aminodeoxyadenosine-5'-phosphaterthymidine of 2:3:1 ( Figure 3B ). In addition, the exclusive presence of 5'-3' linkages was confirmed by complete degradation of j) with spleen phosphodiesterase in less than thirty minutes.
The solid phase approach used herein allowed for a substantially more rapid synthesis than would have been possible in solution. The only difficulty entailed was the production of the tetramer homolog as the result Panel B shows d(TA'), after degradation with venom phosphodiesterase. Peak I is thymidine-5'-phosphate, peak II is 2-aminodeoxyadenosine-5'-phosphate, peak III is thymidine.
of incomplete detritylation. However, use of dlnucleotides for elongation ensures that a pure product will be obtained after hplc purification.
Stability
The absorption spectra for d(TA')s in 1 M NaCl ( Figure 4) show a hypochromicity of about 15Z, consistent with the presence of a duplex form at low temperature. The corresponding molecule without the purine 2-amino group, d(AT) 3 , does not exist as a duplex in this temperature range.
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The concentration dependent melting curves are shown in Figure 5 . Although some aggregation is evident it is possible to extract reliable Tm values from these melting curves. inversion characteristic of Z-DNA. 27 In contrast, the CD of poly d(AT) is only slightly altered by 5 M NaCl. 28 Poly d(AT) has been shown to undergo a conformational transition in CsF, 29 to an alternating B-DNA form. 30 However, the CD reported 29 differs markedly from that found here with d(TA')j in that there is no short wavelength inversion, only a long wavelength inversion.
Thus it is unlikely that we are seeing a similar alternating B-DNA form. The CD spectra we report are more similar to the poly d(CG) n spectrum 27 and are particularly close to the CD spectra reported for poly d(AC)»poly d(GT) in high concentrations of CsCl or CsF plus small amounts of Ca 2+ . 8 ' 9 However, poly d(AC)»poly d(GT) is not affected by NaCl. 23 The d(TA'), is thus more like d(CG) n in its response to high NaCl concentrations.
Negative CD bands have also been observed under conditions where DNA is collapsed into compact i{>-type forms. 31 " 3 "* In fact, at low temperature faint precipitation caused detectable light scattering in the absorption spectrum of the 5 M NaCl solution of d(TA')j. However, use of tetramethylammonium chloride (TMAC1) instead of NaCl gave clear solutions with no light scattering, with an inverted CD ( Figure 6C ). Moreover, $ DNA continues to be negative In the short wavelength region, where d(TA'), is positive, and the i f > CD does not show an isodichroic point, 32 " 31 * which is seen for d(TA') 3 at about 271 run. It is therefore unlikely that the CD spectra shown in Figure 6 represent a tj> form.
The results presented above demonstrate the profound effect of the 2-amino group on stability and conformational behavior. The exact conformation present in high salt must, of course, be established by other techniques. But the existence of a salt dependent conformational transition, brought about by the 2-amino group, is clear.
We are currently pursuing other physical studies with d(TA') 3 as well as the synthesis and evaluation of other oligonucleotides containing 2-aminodeoxyadenosine and related derivatives. Some of these results will be reported shortly.
EXPERIMENTAL
Chloromethylpolystyrene was purchased from BioRad Laboratories and derivatized according to the literature. Venom phosphodiesterase I type VII and spleen phosphodiesterase II were obtained from Sigma. The 2-aminodeoxyadenosine and protected derivatives used were prepared by a route to be reported in detail elsewhere.
The absorption spectra and melting curves reported were obtained on a Perkin Elmer 575 spectrophotometer interfaced to a Tektronix 4051 for data acquisition and analysis. The temperature was controlled electrically using a peltier heated and cooled cell holder. For melting studies the temperature was increased continuously from 0° to 70°C at a rate of 0.5°C/min.
Circular dichroism spectra were recorded on a Cary 60 spectropolarimeter equipped with a Cary 6001 CD accessory and a thermostattable cell holder. A 1 mm pathlength cylindrical cell was employed.
All physical measurements were carried out in buffer solutions containing lOmM sodium phosphate or tetramethylammonium phosphate, lmM sodium EDTA and the indicated salt concentration, adjusted to pH 7.0. The concentration of the oligonucleotide was determined using an extinction coefficient of 5.11 x 10 1 * at 260 nm and 70° estimated from nearest neighbor interactions 36 using £* 60 -9,100. 35 
5-flr(Dimethoxytrityl)-thymldine-3'-Q-(2-chlorophenyl) phosphate (1)
A mixture of 1,2,4-triazole (6.g, 90mmol), triethylamine (8 ml, 60mmol), and 2-chlorophenyl phosphorodichloridate (5 mL, 30mmol) in 100 mL of anhydrous THF was allowed to stand at room temperature for 50 minutes and was then added to 5'-0-(dimethoxytrityl)-thymidine (5.4g, lOmmol) dried three times by evaporation of pyridine. After 45 minutes the mixture was poured into 200 mL of 20Z pyridine/water containing 8mL (60mmol) of triethylamine. The resulting solution was extracted with three 100 mL portions of 70Z CHiCla/CHjOH. The combined organic layers were washed with a 50 mL portion of 5Z aqueous sodium bicarbonate, and concentrated. A methylene chloride solution of the residue was added dropwise to petroleum ether to precipitate ^ in 90Z yield. The Dinucleo8ide Phosphates 2a. and 3_b_
To 2a 35 (1.5g, 2.8mmol), 1 (2.8g, 3.4mmol) and N-methylimidazole 37 (2.0 mL, 25mmol) dried three times by evaporation of pyridine and dissolved in 15 mL of pyridine was added TPSC1 (2.6g, 8.4mmol). After 25 minutes the reaction mixture waa poured into 50 mL of 75Z aqueous pyridine containing sodium bicarbonate (1.4g, 16mmol) . The solution was extracted with three 75 mL portions of 70Z CHJC1 2 /CHJ0H and the combined organic layers concentrated to give 3_£ as an oil, which was not further purified. The levulinyl group was Immediately removed by treatment with 10 mL of 0.5 M hydrazine hydrate in pyridine/acetic acid (4:1). After one hour 25 mL of 5Z aqueous sodium bicarbonate was added and the solution was then extracted with three 50 mL portions of ethyl acetate. The combined organic layers were evaporated and the residue purified by flash chromatography on silica gel. The appropriate fractions were combined and evaporated to give 2.3 g of 3b_ as a solid foam in a yield of 71* from ^a. Attachment to the Resin To 3_b (0.95g, 0.82mmol) dissolved in 3 mL of CHjClj was added 4-dimethylaminopyridine (0.13g, l.lmmol) and succinic anhydride (0.15g, 1.5tnmol).
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After 3 hours 50 mL of CH a Cl 2 was added and the solution washed with a 25 mL portion of 25Z aqueous sodium dihydrogen phosphate. The organic layer was evaporated and the residue purified by flash chromatography on silica gel using 1Z triethylamine in the eluant to give l.Og (0.74mmol, 90Z) of ^ as the triethylammonium salt.
To amino functionalized resin (l.Og, 1.4mmol NHj) was added 13 mL of CHjClj, 3 mL of pyridine, 3_c_ (l.Og), N-methylimidazole (17yL, 0.2mmol), and A portion of this residue was dissolved in 1 mL of 0.1 M trlethylammonium acetate (TEAA) and purified on a 7.8 nm x 30 cm u Bondapak column using a gradient of 30X to 401 acetonitrile/0.1 M TEAA, to give _7_ free of DMT-(TA') 2 . d(TA'), (fi) d[DMT-(TA') 5 ] (7) was treated with 80Z acetic acid for twenty minutes at room temperature and the acetic acid then removed by co-evaporation with water. Final purification was effected on the semi-preparative column using a gradient of 10 to 20% acetonitrile/0.1 M TEAA, to give 240 0D 2 » o of _8. A sample of 8^ was treated with venom phosphodiesterase I type VII (Sigma) in 0.1 M phosphate buffer, pH 8.5 at 37°. Analysis by hplc (Figure 3b) showed thymidine-5'-phosphate (4.2 min, 2.0 parts). 2-aminodeoxyadenoslne-5'-phosphate (4.7 min, 2.8 parts) and thymidine (5.2 min, 1.1 parts) on a gradient of 2 to 10% acetonitrile/0.1 M TEAA in 5 minutes at a flow rate of 4 mL/mln (Z module) .
Treatment of a sample J3 with spleen phosphodiesteraae II in 0.1 M phosphate buffer, pH 6.5 at 37° gave complete degradation to monomers in less than thirty minutes.
